. Paleogeographic location of Vallecillo during the Early Turonian (lithofacies map after Sohl et al., 1991; Seibertz, 1998; Goldhammer and Johnson, 2001 ; Globe from Blakey, 2002) . Asterisks mark occurrences of the Vallecillo Plattenkalk Member. They are from north to south: Vallecillo, Las Mitras to the west of Monterrey, Mesa las Tablas near Arteaga, west of the Sierra de San Carlos, and north of Ciudad Victoria.
The Vallecillo marly limestone beds are 8 to 40 cm thick. Tabular layers can be traced laterally over several tens of meters without changes in color, internal lamination and thickness. Even between the quarries their thickness hardly varies, although the color may change from pink (hematite) to yellow (goethite). Lithologies are best described as platy limestones because they cleave perfectly well parallel to lamination. They first occur at 0.05 m in the composite section and continue for approximately 7.0 m to the top of the section (Fig. 1) .
The marly limestone is intercalated with beds of white or gray mudstone (in the sense of siliciclastic petrology: see Folk, 1974; in Tucker, 1991 ) of 1 to 30 cm thickness. The thicker mudstone beds contain crusts of goethite and/or hematite, and goethite concretions occur in the thickest goethite crusts. Cubic pseudomorphs, probably after pyrite, are occasionally present. Fossils are occasionally found in the mudstones, but they are not collected due to the softness of the sediment. These mudstones with Fe-oxide concretions are unevenly distributed in the section and allow for lithostratigraphic correlation of individual layers between quarries of the Vallecillo region.
The platy limestone is sub-millimetrically laminated, resulting from changes in the contents of carbonate, the fine siliciclastic component, or Fe-oxides (hematite, goethite, lepidochrosite). Layers split perfectly parallel to lamination when dry, and preferably through fossils in the sediment. Traces of organic matter are occasionally preserved in the thickest limestone layers as black stains. These remnants indicate that the sediment was originally black, rich in organic matter, which is typical for fine-grained sediment with good fossil preservation (compare Allison, 1988; Seilacher, 1990; Hemleben and Swinburne, 1991) . Organic matter was completely oxidized and lost from the now bright yellow to pink platy limestone.
The platy limestone is best described as mud-to wackestone (in the sense of carbonate petrology: see Dunham, 1962) , with planktic foraminifers being the most abundant bioclasts. Calcispheres and recrystallized radiolarians are also present but less abundant. These microfaunal elements indicate a pelagic environment, consistent with the paleogeographic location.
Lamination of the limestone is also present below mm-scale and caused by sharp changes in the content of bioclasts, thin layers of Fe-oxides, and oriented phyllosilicates. Tiny, silt-to clay-sized grains present in small lenses were identified as quartz, and phyllosilicates as illite, by XRD analysis. Both indicate aeolian supply of the clastic component to the Vallecillo region. The calcite component is biogenic in origin, whereas Fe-oxides result from precipitation of sulfides at the Vallecillo sea-floor. The latter indicates a hostile, low-oxygen environment at the sea-floor, an interpretation supported by the fossil assemblage preserved in the platy limestones (see below) and abundant pseudomorphs after pyrite (Ifrim, 2006) .
ITEM DR2: METHODS SUMMARY
The major part of the 8-m-thick section at Vallecillo was excavated on defined areas. Marly, intensely laminated, micritic platy limestone forms beds up to 40 cm thick and yields well-preserved fossils, including ammonites, inoceramids, vertebrates and planktic foraminifers Stinnesbeck, 2007, 2008) . Fossils in the mudstone interlayers are badly preserved and were excluded from the excavations. We focused on the interval between 0.37 m and 5.90 m, in which limestone lithologies and fossil preservation do not change. Only above and below these levels, bioturbated sediments are present but rare (Fig. 4) . In the excavated interval of the section, some levels could not be covered quantitatively due to the shape of the quarry at that time, and only field data exist. They are clearly marked in Figure 1 . In the inoceramid acme, additional quantitative data came from an excavation area with 1 m 2 surface, covering 20 cm thickness. This is why comparable data do not exist for ammonites and fishes, they are not abundant enough to be recorded quantitatively from such a small area.
Excavated fossils were collected and counted as n per 10 cm thickness throughout the platy limestone (excluding the mudstone layers). Inoceramids preserve their prismatic layer, while ammonites are preserved as lateral impressions. Fishes are mostly present as primary fragments; their bones a secondarily calcified. Quantitative macrofossil data were normalized to 10 m 2 excavation area by linear extrapolation, while the quantitative analysis of planktic foraminifers is based on counts from 1 cm 2 areas of thin sections, sampled from approximately each 15 cm sediment layer. This sample distance includes the mudstone layers and makes both datasets comparable. Data points are shown in Fig. 3 , and raw data are listed below.
ITEM DR3: BIOSTRATIGRAPHY
A late Cenomanian age is indicated for the lowermost 0.84 m of the Vallecillo section by the presence of Inoceramus pictus. No ammonites were recovered from this interval, which correlates to the uppermost Cenomanian Nigericeras scotti zone (Kennedy and Cobban, 1991) . The first appearances (FAs) of Watinoceras coloradoense and Mytiloides puebloensis at 0.84 m above the base of the section indicate the base of the Turonian stage. The FA of Watinoceras has proven to be only slightly diachronous by comparison with isotope stratigraphy, but is considered a robust datum for the base of the Turonian (Voigt et al., 2008) .
The FA of Pseudaspidoceras flexuosum has proven to be diachronous, with an earlier FA in low latitudes (Caron et al., 2006; Ifrim and Stinnesbeck, 2008) . Upsection, the FAs of Vascoceras birchbyi, Mytiloides kossmati and Mammites nodosoides allow for further subdivision of the lower Turonian. The FA of M. nodosoides has proven to be isochronous in Europe and Morocco and is thus another robust biostratigraphic indicator (Voigt et al., 2008) .
The planktic foraminifer Helvetoglobotruncana helvetica first appears in the upper V. birchbyi zone, later than in other C/T boundary sections such as Eastbourne, England, or the GSSP of the C/T boundary at Pueblo, Colorado (Ifrim and Stinnesbeck, 2008) . The FA of Collignoniceras woollgari at 6.53 m section defines the base of the middle Turonian and is associated with a change in the Mytiloides assemblage towards a dominance of the M. mytiloides group. Our data suggest that Vallecillo provides one of the most complete biostratigraphic records for marine invertebrates across the C/T boundary and the lower Turonian substage (Ifrim and Stinnesbeck, 2008) . Estimation of sedimentation rates is possible for the lower part of the Vallecillo section. Radiometric ages are based on publications by Kirkland (1991 , fide Kennedy et al. 2000 and Hardenbol et al. (1998, fide Keller and Pardo 2004) . They could only be assigned to three stratigraphic marker levels of the Vallecillo section ( Figure DR2 ). These levels allow the calculation of sedimentation rates to 27.3 mm/ka and 8.4 mm/ka, with an average rate of 16.8 mm/ka. Differences in the calculated rates may result from the fact that the absolute ages used here are from different sources. They are based on the ages of bentonite layers in the GSSP of the Cenomanian-Turonian boundary, the Rock Canyon section in Colorado. Kennedy et al. (2000) cited the data published by Kirkland (1991) , whereas Keller and Pardo (2004) apparently interpolated the absolute ages from the charts of Hardenbol et al. (1998) .
In addition, different zonal thicknesses and diachronous FA of H. helvetica also distort sedimentation rates, as interpolated absolute ages are based on the sedimentation rates of the Rock Canyon section. 
ITEM DR4: INDICATORS FOR LOW OXYGENATION AT THE SEAFLOOR
(a) micritic sediments intensely laminated on sub-mm-scale; (b) thin laminae of hematite and goethite from the oxidation of pyrite; (c) residues of organic matter and occasional layers of black limestone which indicate a sediment originally rich in organic matter; (d) absence of evidence for current transport on the sea floor, such as size-sorted or oriented fossils; (e) complete vertebrates without signs of scavenging; and (f) by frequent preservation of delicate morphological elements (g) very low diversity and absence of a benthic community other than inoceramids, including microfossils, bioturbation, and morphotypes of ammonites with demersal, i.e. bottomrelated mode of life (see Suppl. 6) (Ifrim, 2006) . In benthic foraminifers, several tax a are thought to endure temporary anoxia, and some are resistant to very low levels of oxygenation (e.g. Koutsoukos, 1990) . Even those forms are absent at Vallecillo, and the only conclusion possible is that oxygenation was too low even for those resistant forms. From palaeoecological point of view, the only interpretation possible is that of very low oxygenation, called "lower dysaerobic", "lower poikiloaerobic", or "lower exaerobic" environment by the different authors (e.g. Rhoads and Morse, 1971; Oschmann, 1988; Wignall and Hallam, 1991; Wignall, 1994) , always at the limit to anaerobic.
ITEM DR5: STATISTICAL DATA Table DR1 . Data presented in Figure 3 of the text. Data used for statistical correlation are indicated by +, outliers are marked by -. The levels given for inoceramids are placed in the middle of the 10 cm thick interval. (Table DR1) . Abundance data were standardized after Z=(X-µ)/. Foraminifer abundances (X) were plotted against inoceramid abundances (Y). Statistical tests are shown in Table DR2 .
Five values from the lower section are excluded as outliers, indicated by a -in Table DR1 . The data from the 1.76/1.78 and the 0.86/0.88 level show a negative correlation in contrast to the other data and are clear outliers. The data from 2.01/2.05 m, 1.50/1.53 m and 1.11/1.13 m section, however, show an incease in abundance of both groups, but with an amplitude much higher in foraminifers (n>1000) than in inoceramids (n<10). Statistical tests on the cleaned dataset (Table DR2) show a moderate correlation. 
Interpretation
The cleaned dataset shows a moderate correlation. Outliers are present which indicate that the data do not reflect the changing depth of the OMZ alone, but that other mechanisms may have influenced the distribution: Possibly the high sea level of the Early Turonian caused a longer migration distance from the shelf and thus a larger distance to the stem population, so that fewer inoceramid larvae reached the Vallecillo area during times of improved conditions. However, outliers are only present in the lower part of the considered interval. In the middleupper part of the considered interval, i.e. above the 2.1 m level, the coefficient of determination is R 2 =0.7605 without any cleaning of the data. In this part, the data fully support the discussed model.
ITEM DR6: PALEOECOLOGICAL INTERPRETATION OF THE FISHES AND AMMONITES FROM VALLECILLO
The distribution of ammonites and fishes seems unaffected by changing oxygen conditions at water levels where inoceramid larvae and planktic foraminifers dwelled.
The three most abundant teleost fish species, with > 80 % of the assemblage, lived and reproduced in the Turonian Vallecillo sea (Giersch et al., 2010) .
Ammonite dispersal was most probably mediated by a positively buoyant earliest juvenile planktic growth stage after hatching (Shigeta, 1993) . Although this distributional mode is similar to that of inoceramids, strong differences in the extinction and recovery patterns have been documented between the two groups (Harries, 1993) .
At Vallecillo, some species were shown to have dwelled in the upper water layers for at least weeks, based on epizoic stramentids on their shells (Ifrim et al., in press ). The most abundant ammonite, the spinose Pseudaspidoceras flexuosum, was interpreted to have lived and reproduced in the upper water layers (Ifrim, 2010) . This interpretation is consistent with the hypothesis of Batt (1989) and Westermann (1996) that heavily spinose morphotypes dwelled in the open water. On the other hand, morphotypes interpreted to have had a demersal, i.e. swimming but bottom-related mode of life such as heteromorphs (Scaphites-like morphotype such as Worthoceras, openly coiled morphotypes such as Allocrioceras, Puebloites, or straight Baculites, see new interpretation of this genus by Kruta et al., 2011) are absent at Vallecillo, but present in coeval localities in Texas and the Western Interior Seaway (see summary in Ifrim and Stinnesbeck, 2007) .
Our data suggest that at least the most abundant ammonite species from Vallecillo completed their life cycles in the upper water layers. Their hatchlings dwelled in oxygenated, water levels close to the ocean surface, perhaps protected by algal mats or empty ammonite shells floating near the surface. This hypothesis is supported by the presence of small (ca. 5 mm) ammonite shells in the body chamber of large ammonite shells found at Vallecillo (Ifrim, 2006; Ifrim and Stinnesbeck, 2007) .
